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THIS INVENTION relates to a method of transforming plants and to 
plants transformed by the method. 

In one embodiment of the invention, there is provided a method for 
transforming or genetically engineering plants comprising the steps of : 
germinating plant seed for a predetermined period; and 

transforming the germinating plant seed by exposing or contacting the 
germinating plant seed with a suitable wetting agent and an Agrobacterium strain 
to obtain transformed plant seed. 

The germinating plant seed may be transformed by the introduction of 
foreign DNA via the Agrobacterium strain. The germinating plant seed may be 
transformed by exposing or contacting the germinating or germinated plant seed 
with a culture of Agrobacterium, said Agrobacterium strain being transformation 
competent and including a construct comprising a foreign gene, the foreign gene 
including appropriate regulatory sequences so as to expressed in the cells of a plant 
which grows from the transformed plant seed. 



The Agrobacterium strain may be any suitable strain such as 
Agrobacterium tumefaciens, for example, Agrobacterium turnefaciens strain 
LBA4404 deposited at Centraalbureae voor Schimmel-cultures (CBS) in the 
Netherlands under No. CBS 1 91 .83 on 24 February 1 983. 

The foreign gene may be any suitable gene such as genes which confer 
disease resistance and/or drought resistance. 

The plant seed may be germinated at a temperature of 22 - 32°C / for 
example, 29°C, for a period of 2 to 5 days, for example, 4 days. 

A culture of Agrobacterium tumefaciens and said wetting agent may 
be mixed together to obtain an Agrobacterium/wettlng agent suspension. The 
Agrobacterium/wetX\ng agent suspension may comprise 0,01 - 1 % of wetting 
agent, for example, 0,1% wetting agent, and 99,99 - 99% Agrobacterium 
tumefaciens, for example, 99,9 % Agrobacterium tumefaciens. 

The germinating plant seed may be exposed or contacted with the 
AgrobacteriumiweXWng agent suspension for a period of 2 - 48 hours, for example, 
24 hours, at a temperature of 1 5 - 35°C, for example, at room or ambient 
temperature. 

The method may include subjecting the germinating seed to vacuum 
infiltration while the germinating seed is exposed or contacted with the 



Agrobacterium/wetWng agent suspension. The germinating seed may be subjected 
to vacuum infiltration for a period of 5 - 40 minutes, for example, 20 minutes, at 
a pressure of 20 - 100 millitorr, for example, 78 millitorr pressure. The vacuum 
infiltration may be carried out at a temperature of 1 5 - 35°C, for example, 25°C. 

The Agrobacterium strain may include a suitable plasmid to facilitate 
transformation of the plant seed. 

The plasmid may include a vector, such as vector pBM 21 . 

The method may include inducing further growth of the transformed 
plant seed and selecting for a transformant in the presence of a selecting agent. 
The Agrobacterium strain may include a plasmid comprising both said foreign gene 
or genes and a selection agent resistance gene, both genes including appropriate 
regulatory sequences so as to be expressed in the plant arising from the 
transformed plant seed. 

The selection agent may be an antibiotic or antibiotics and the 
resistance gene may code for antibiotic resistance. The antibiotic may be selected 
from the group consisting of at least one of kanamycin and rifampicin. The 
resistance gene may be a GUS-intron gene. 

It will be appreciated that any suitable plant seed may be transformed 
using the method as herein described. The plant seed may be from the family 
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leguminoseae or any other dicotyledonous plant, for example, soybean seed. If 
soybean seed is used, the soybean seed may be allowed to germinate until it has 
a small plumule, easily removable seed coat and cotyledons which are not 
appressed against each other before the germinating soybean seed is subjected to 
the transformation step. 

The wetting agent may be any suitable wetting agent which facilitates 
or enhances penetration and transformation of plant seed by the Agrobacterium 
strain. Preferably, the wetting agent is Break-Thru (available from Goldschmidt 
Chemical Corporation in Hopewell, USA. It is believed that the active component 
of Break-Thru is polyether polymethyl siloxane copolymer, Break-Thru, being a non- 
oil wetting agent. 

According to another aspect of the invention, there is provided a 
transformed plant seed produced by the method as herein described. 

According to a further aspect of the invention, there is provided a 
transformed plant produced by the method as herein described. 

According to yet another aspect of the invention, there is provided a 
transformed plant grown or germinated from the transformed plant seed as herein 
described. 



The transformed plant may comprise cells which comprise in their 
genome at least one preselected foreign gene which produces a foreign cellular 
product encoded by the foreign gene. The foreign gene may code for at least one 
of disease resistance or drought resistance. 

According to another aspect of the invention, there is provided a plant 
seed produced by the transformed plant as herein described. 

According to a further aspect of the invention, there is provided a plant 
which is the progeny of a transformed plant as herein described. 

The invention will now be described by way of non-limiting example, 
with reference to the following example of a method of transforming plant seed, in 
accordance with the invention. 

EXAMPLE 

Agrobacterium tumefaciens strain LBA4404 containing a GUS-gene (pBI121) was 
cultured at 27°C in 100 ml Luria-Bertani broth (LB) pH 7.00 supplemented with 
150/yg/ml rifampicin and 100/vg/ml kanamycin until an absorbence of A 600 = 0.5 
was obtained. 0.01 mg/ml Acetosyringone was added to the Agrobacterium 
tumefaciens culture approximately 24 hours before transformation of plant seeds 
was carried out. The Agrobacterium tumefaciens culture was centrifuged at 1 0000 
rpm for 20 minutes at a temperature of 10°C. Flocculation was avoided or 
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inhibited by dilution of the Agrobacterium tumefaciens culture with distilled water 
to obtain a ratio of Agrobacterium tumefaciens : distilled water of 1 :4. 0.1 % Break- 
Thru (a wetting agent) (obtainable from Goldschmidt Chemical Corporation was 
added to the diluted Agrobacterium tumefaciens culture. 

5 Soybean seeds were sterilised for 5 minutes in 3.5% (v/v) NaOCI, and 

then washed in sterile water before being germinated on sterile 0.8% water agar 
at a temperature of 29°C for a period of 2 to 5 days. The germinating soybean 
seeds were then sorted and soybean seeds having a small plumule, easily removable 
seed coat and cotyledons which were not appressed against each other, were 

10 selected. The selected germinating or germinated soybean seeds were then 
contacted with the A grobacteriumi wetting agent suspension and vacuum infiltrated 
for 20 minutes under a pressure of 78 millitorr. After vacuum infiltration, the 
germinating soybean seeds were then incubated for a further period of 24 hours in 
contact with the Agrobacterium/wetting agent suspension solution at room or 

15 ambient temperature to obtain transformed soybean seeds. The transformed 
soybean seeds were then planted in a soil mixture comprising soil, sand, vermiculite 
(5:5:3) and grown in a greenhouse to obtain transformed soybean plants. 
Percentage success rate of transformation was determined by detecting GUS-gene 
activity using a fluorometric and a histochemical assay : 

20 When the transformed plants had developed a second set of leaves, 

a leaf from the main apex was tested for expression of the GUS gene. A 
fluorometric GUS assay (Jefferson, R.A., Kavanagh, T.A. & Bevan, M.W. 1987. 
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GUS fusion & - glucuronidase as a sensitive and versatile gene fusion marker in 
higher plants. EMBO J. I 6 (1 3): 3901-3907 was used for screening of all explants 
for the expression of glucuronidase enzyme. 100 /j\ sodium phosphate buffer was 
pipetted into the wells of a microtiter plate. The assay buffer contained 50 mM 
5 NaP0 4 (pH7.00), 1 OmM EDTA, 0. 1 % (v/v) Triton X-1 00, 1 OmM mercapto ethanol 
and 2 M methyl umbilliferyl glucuronide (Sigma). Small pieces of plant tissue were 
crushed in this buffer and incubated overnight at a temperature of 37°C in the dark. 
Reactions were visualised on a long wave length UV light box. A histochemical 
assay was also performed in testing putative transformants. Plant tissue, which 

1 0 tested positive in the fluorescence assay, was incubated overnight at a temperature 
of 37°C in the dark in a histochemical staining solution. The staining solution 
contained 50mM NaP0 4 (pH7.00), 0.1 % (v/v) Triton X-100, 1 .04 mM X-Gluc and 
0.5% (v/v) DMSO. The plant tissue was subsequently washed in FAA for 10 
minutes, followed with a wash in 50% ethanol. The tissue was dehydrated with 

1 5 1 00% ethanol and hydrated slowly up to 1 00% H 2 0. 




A positive result was obtained, indicating transformed soybean plants. 

To verify the insertion of the GUS gene in the plant genome, molecular 
analysis, i.e. PCR reaction as well as a Southern blot procedure (Maniatis, T. 
Fritsch, E.F. & Sambrook, J., 1982. Molecular Cloning : A Laboratory Manual \ Cold 
20 Spring Harbour Laboratory Press, Cold Spring Harbour, H.Y.), were conducted with 
GUS and NPTII specific primers. PCR and Southern blot observations indicated the 



presence of the GUS gene in the soybean genome. Plants tested positive up to the 
third transformant generation. 

The method in accordance with the invention resulted in a 
transformation success rate of approximately 35% of the soybean seeds. This is 
a relatively high transformation success rate in that conventional techniques usually 
only have a transformation success rate of less than 5%. By inserting a foreign 
gene or genes into a plasmid in Agrobacterium tumefaciens, the soybean seed may 
be transformed with the foreign gene. The foreign gene is then included in the cells 
of a soybean plant which grows from the transformed soybean seed and may then 
be inherited by its progeny. 

Advantages of the invention are that the method is relatively easy to 

carry out and relatively inexpensive compared to conventional transformation 

procedures and techniques. As no tissue culture steps are used in the method 

according to the invention, it is believed that there will be little or no loss of genetic 

traits which would usually occur as a result of somatic mutations. The method in 

accordance with the invention can be used for transforming any suitable plant seed 

with genes of interest or agricultural usefulness, for example, drought resistant or 

disease resistant genes. The method in accordance with the invention can also be 

used for producing transgenic plants of other species where routine tissue culture 

procedures have not yet been established. 

DATED THIS 1 5TH DAY OF OCTOBER 1998 
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C DATA SPf-CS PKOTHN p-, CGK i Jt U Oumher V*H 



